Abstract: The Council of Europe created an outline for a vigilant system of undesirable effects of cosmetic products in 2006. In 2013, some of those aspects were included in the European Cosmetics Regulation (EC) 1223/2009. Since then, serious undesirable effects (SUEs), which are the tip of the iceberg of all undesirable effects of cosmetic products, have to be reported to competent authorities. Neglecting the first phase of establishing the system, we have about two years of experience regarding the notification of SUEs. This notification system is based on a huge amount of cases that allow us to identify occurring problems at an early stage through a signal of increased reported cases for a certain product. It has already been shown that the system is able to identify products that have the potential to cause health risks even if they seem to comply with the legal requirements and the safeguard clause was applied. Until May 2016, 680 cases of SUEs were shared in the EU. The statistics of SUEs indicate that hair dyes and skin care products are the product types that cause the most SUEs. Almost 80% of all SUEs occurred in the head area, especially the skin of the face was affected.
Introduction
The legal framework for cosmetic products in the European Union is Regulation (EC) No. 1223/2009 [1] , which has been fully in force since July 2013. The regulation creates EU-wide harmonised regulatory standards to ensure a high safety level of cosmetic products in the European market and better protection of the consumer. Cosmetic products may cause undesirable effects to the consumer (e.g., itching, redness, skin swelling or irritation, allergic reaction), even though the product complies with the existing legislation.
One core element to guarantee a high level of consumer protection in the European Union is the product information file (PIF) that has to be created and archived by the responsible person, which is the person or company that produces or imports this cosmetic product. Since 1995, this PIF has also contained a safety assessment created by an expert as well as reports about undesirable effects caused by the product. Among others, the notification of undesirable effects from cosmetic products was introduced with the new regulation in July 2013 for all EU Member States, even if some Member States established a national system previously [2] . According to Article 23 of the Cosmetic Regulation [1] , responsible persons and distributors have the legal obligation to report all serious undesirable effects (SUEs) to the competent authorities of the Member States.
SUEs are defined in Cosmetic Regulation Article 2 (1) (p) as "undesirable effects which result in temporary or permanent functional incapacity, disability, hospitalization, congenital anomalies or an immediate vital risk or death" [1] . The goal is to establish a cosmetovigilance system enabling the identification of potential substances with negative effects on human health [3] . For this, a collaboration of all stakeholders (responsible persons, distributors, doctors, pharmacists, authorities and Member States) is needed to collect all SUE cases and adequate data.
Consumers or the attending medical professionals can inform the producer, importer, distributor or also a public authority about the undesired effects. The person that receives the information has to make a causality assessment and submit the case description with harmonised notification forms to the competent authorities. The case descriptions are shared among the competent authorities of the EU Member States. The German Federal Office on Consumer Protection and Food Safety (BVL) is compiling statistics about all cases in the EU, which is the basis of the figures in this article.
In 2006 the resolution of the Council of Europe intended to establish the following aspects in a cosmetovigilance system [4] :
(1) "monitoring the occurrence and evaluating the risk of undesirable effects caused by cosmetic products; (2) reporting and recording of undesirable effects; (3) establishing and taking corrective measures; (4) conducting complementary assessments or studies relating to the safety of use of cosmetic products; (5) identifying cosmetic products and/or ingredients which can present a risk for consumers' health."
Pharmacovigilance is defined by the World Health Organisation (WHO) as "the science and activities relating to the detection, assessment, understanding and prevention of adverse effects or any other possible drug-related problems" [5] . Until now, a comparable approach for cosmetovigilance has not been defined in the European cosmetic legislations. Only one aspect of a vigilance system, the reporting of serious cases to the competent authorities, is covered by the legislation. All further steps of assessment, understanding and prevention of such effects are left to the responsibility of the dedicated national authority, regardless if these are market surveillance authorities, vigilance experts or medical experts from the university. That means that the resolution of the Council of Europe was implemented in the European legislation at the lowest possible level: the reporting of cases. Nevertheless, the reporting of cases is an effort that should not remain unused. Due to the additional efforts of all participants, the system has already shown its potential for providing added value for the enhancement of cosmetic product safety.
Results
Since the obligation to report SUEs started in July 2013, a total of 680 SUE cases from 23 Member States were reported up until May 2016. In 2013, only a few member states shared their data among all Member States, since some national processes were still in the establishment phase. Therefore, for representative reasons, only data from 2014 and 2015 will be further considered and discussed in this paper.
In those two years, 529 SUE cases were reported in the EU, with 35% being confirmed by medical professionals. In most cases, the consumer has reported the company that is responsible for the products and is labelled with its address on all products. It was reported that 7% of all cases occurred during professional usage, e.g., at the hairdresser, but only the half of these cases were reported to or from the cosmetic professional. The real information flow from the affected consumer to the competent authority is shown in Figure 1 . The majority of the cases involved reports of functional incapacity (68%) such as inability to work or reduced quality of life, e.g., due to vision impairment, followed by hospitalisation (26%) and immediate vital risk (3.5%). The criteria "congenital anomalies" had not been reported at all. The causality between the SUE and the suspected product was assessed in two-thirds of all cases at least as "likely", which is shown in Table 1 . Regarding the SUE notification by product type as shown in Figure 2 , skin care products are leading the statistics with 34%, followed by hair dye products (28%), other hair and skin products (8% each), and nail varnish/remover products (6%). It is of interest that the relation between the seriousness criteria of hospitalisation, functional incapacity and immediate vital risk is different for hair dye products and skin care products. Especially SUEs with hair dye products result in hospitalisation at a relatively high rate. The majority of the cases involved reports of functional incapacity (68%) such as inability to work or reduced quality of life, e.g., due to vision impairment, followed by hospitalisation (26%) and immediate vital risk (3.5%). The criteria "congenital anomalies" had not been reported at all. The causality between the SUE and the suspected product was assessed in two-thirds of all cases at least as "likely", which is shown in Table 1 . Table 1 . The number of cases with their relation of causality vs. seriousness. In 74% of all cases the causality is assessed as "likely" or "very likely". The guidelines do not require reporting of cases with excluded causality or other/unknown seriousness criteria. Regarding the SUE notification by product type as shown in Figure 2 , skin care products are leading the statistics with 34%, followed by hair dye products (28%), other hair and skin products (8% each), and nail varnish/remover products (6%). It is of interest that the relation between the seriousness criteria of hospitalisation, functional incapacity and immediate vital risk is different for hair dye products and skin care products. Especially SUEs with hair dye products result in hospitalisation at a relatively high rate. A high amount of cases concerning hair dyes was not surprising since the sensitising potential of p-phenylenediamine (PPD) and its derivatives is well known. Allergic contact dermatitis caused by PPD is common among all consumer groups and the prevalence of PPD sensitisation in Europe is about 4% [6] . On the other hand, the high amount of cases concerning skin care products seems to be unexpected. However, even if skin care products might not generally contain substances with high sensitisation potential, they are often used and are widespread in leave-on products. When comparing case numbers of different product types or products, the market share also has to be considered. Reliable information on the market share is not always available and the SUE guidelines currently do not require the submission of specifications about the market share.
SUEs mainly occur in the facial area (57%) and in about 65% of cases, the skin and an additional 10% of the scalp was affected. In 4% of all cases, the respiratory tract was affected (43% of others). Also, the impairment of the respiratory tract is caused primarily by hair dyes and skin care products in 86% of cases. The other affected body areas are shown in Figure 3 . Concerning the 390 cases where the causality was assessed by the companies or the authorities as likely or very likely, in 45% of those cases only the intended application area was affected, in a further 44% of cases other body areas were also affected in addition to the application area, and in 9% of cases only body areas other than the application area were affected.
Based on the submitted information it can be concluded that most effects are contact dermatitis of unspecified, allergic or irritant nature (Table 2) . It has to be pointed out that a diagnosis of an allergic effect means that only in very few cases this diagnosis was confirmed by a dermatologist or allergic expert using patch tests. Therefore, it can be assumed that a false, too-high number of allergic reactions have been reported. Allergic diagnostics is almost an additional medical treatment that is mostly not indicated in the acute phase of the disease to prevent jeopardizing the consumer's health. Sometimes an intended patch test was done, but the results were not submitted or the consumer no longer had an interest in further medical treatment after recovery. Unfortunately, this missing information about test results is leading to a lack of knowledge in this notification system about substances that can trigger SUEs. Consequently, the SUE case statistics are not suited to deriving any conclusion about the ratio between allergic and irritant effects occurring with the use of cosmetics. A high amount of cases concerning hair dyes was not surprising since the sensitising potential of p-phenylenediamine (PPD) and its derivatives is well known. Allergic contact dermatitis caused by PPD is common among all consumer groups and the prevalence of PPD sensitisation in Europe is about 4% [6] . On the other hand, the high amount of cases concerning skin care products seems to be unexpected. However, even if skin care products might not generally contain substances with high sensitisation potential, they are often used and are widespread in leave-on products. When comparing case numbers of different product types or products, the market share also has to be considered. Reliable information on the market share is not always available and the SUE guidelines currently do not require the submission of specifications about the market share.
Based on the submitted information it can be concluded that most effects are contact dermatitis of unspecified, allergic or irritant nature (Table 2) . It has to be pointed out that a diagnosis of an allergic effect means that only in very few cases this diagnosis was confirmed by a dermatologist or allergic expert using patch tests. Therefore, it can be assumed that a false, too-high number of allergic reactions have been reported. Allergic diagnostics is almost an additional medical treatment that is mostly not indicated in the acute phase of the disease to prevent jeopardizing the consumer's health. Sometimes an intended patch test was done, but the results were not submitted or the consumer no longer had an interest in further medical treatment after recovery. Unfortunately, this missing information about test results is leading to a lack of knowledge in this notification system about substances that can trigger SUEs. Consequently, the SUE case statistics are not suited to deriving any conclusion about the ratio between allergic and irritant effects occurring with the use of cosmetics. 
Discussion
It must be understood that this is not a highly sophisticated system with deep case-by-case verification using appropriate tests conducted by dermatologists or other medical experts in the concerned field of effect. The purpose of the obligation of notification by companies is the monitoring of a huge amount of cases and to identify problems with certain products or product categories by 
It must be understood that this is not a highly sophisticated system with deep case-by-case verification using appropriate tests conducted by dermatologists or other medical experts in the concerned field of effect. The purpose of the obligation of notification by companies is the monitoring of a huge amount of cases and to identify problems with certain products or product categories by signals of accumulating cases. The system aims to transport relevant information at an early stage to the competent authorities to be able to identify upcoming problems and to be in a good position to prevent the consumers from further health risks through effective cooperation between companies and competent authorities. The obligation to report SUEs should guarantee that information about SUEs will come to the knowledge of the competent authorities and the responsible company even if it is addressed by the consumer to the distributor, cosmetic professional or elsewhere.
The reporting of undesirable effects to the competent authorities in Sweden, Denmark and Finland has shown that a high amount of cases (39 SUE notifications) were raised in a short time for a certain product group from one company. The product, acrylate-containing UV-curing nail polish for non-professional use, seems to be in accordance with the current legislation, but the signal of a large amount of undesired effects in relation to the supposed market share of the product indicates that this cosmetic product is not safe for the consumer in its normal usage. This may be caused by a lack of declarations or warnings, a combination of substances that results in unpredictable effects or the presence of impurities or contaminations. Even if the product meets the requirements of the Cosmetic Regulation, the safeguard clause of Article 27 of the Cosmetic Regulation [1] gives competent authorities the option to take appropriate provisional measures regarding the products concerned.
This helps to protect the consumer's health also if a specific reason for the undesired effect was not identified on a scientific basis. The identification of the inducing substance, mixture of substances or usage of the product has to be done subsequently to justify the measures under consultation of the involved companies, other Member States and the Scientific Committee on Consumer Safety (SCCS) [8] .
On a second level, beyond the observation of certain products, is the identification of product types or substances where high amounts of SUEs can be observed. The statistical evaluation could be the basis for management decisions to enhance precautionary consumer protection, e.g., to reflect upon special substance combinations, application areas for certain substances or an adaptation of warnings or consumer information. Only in 8% of the reported cases were the substances or substance groups (such as in hair dyes) identified. PPD, methylisothiazolinone (MI) and fragrances were specified in multiple cases, which is in good correlation with epidemiological studies [9, 10] .
Therefore, the system is suited to identifying unknown potential health risks and to initiating appropriate measures:
(1) to identify the scientific background and to evaluate the risk for human health; (2) to focus on comparable products in market surveillance activities; (3) to prevent similar undesirable effects in the future.
All cases in which the assessment does not result in an excluded causal relation have to be reported, even if the causality is not assessable or unlikely. Also, death as an undesirable effect was already reported two times, since it could not be excluded on the basis of the prescribed causality assessment, but it must be considered that the causality in the already reported cases was unlikely or not assessable. Immediate death as a result of the hazardousness of a cosmetic product is in general hardly conceivable, but it is imaginable as a result of an untreated anaphylactic shock, which has to be considered as an immediate vital risk.
The notification of an SUE on a certain product does not necessarily indicate a serious risk or non-compliance of the product. Only in a very few cases was the product found to be not in compliance with the legislation. In some cases, the companies have taken voluntary measures to substitute a substance, e.g., such as the preservative MI with a known high sensitisation prevalence [11, 12] with substances with a lower sensitising potential.
To establish a vigilance system is not done only by bringing an obligation of notification into force. The possibility or obligation for a notification has to be known to all stakeholders from consumers to companies, medical doctors and also the competent authorities that may receive a type of unstructured information about a more or less serious undesired effect. A further step that should have been established is the compilation of all cases to be able to get signals on the basis of data from all EU Member States. Finally, there should be a committee that reviews some cases and the statistics for recommendations to enhance the product safety according to suitable management processes.
Beside the need to establish a general structure for the notification, there are some special aspects to be considered for cosmetics that complicate the identification of substances that have the potential to cause undesired effects.
In contrast to pharmaceuticals, cosmetic products do not have to be tested in mandatory clinical studies to prove their efficacy and safety. In such studies, adverse effects already occur in the pre-marketing phase of a product and results are assessed by experts under clear, arranged circumstances. For cosmetic products, these studies are only required if claims about the tolerability of a product are intended.
Most pharmaceuticals are well-known carrier substances combined with one or only very few other pharmaceutical active substances. The assessment of the trigger of an adverse effect can be identified by focussing on these few substances in a pharmaceutical product. In contrast to pharmaceuticals, cosmetic products are a composition of a broad variety of different substances where a lot of them are, in principal, able to cause undesirable effects based on the individual predisposition of the consumer. That means that even if the causality assessment resulted in a likely relation between a product and a SUE case, there is still a way to go for the identification of the inducing substance.
As a reason for SUEs due to cosmetics, mostly contact dermatitis of an unspecified, allergic or irritant nature was reported. Products that have been used even for a long time without problems can cause sensitization and be the cause of an SUE. To establish an allergic origin, a patch test has to be conducted. Normally, several cosmetic products are used in parallel, several of them also in the same application area. This is reflected in 15% of the cases where more than one product was suspected of causing the SUE. Sometimes a consumer is exposed the first time to several cosmetic products at the same time, e.g., at the hairdresser, in a cosmetics studio, or at a hotel. All products that are also used in the area of the local adverse effects have to be considered in the origin of the SUE. In one case, 14 different cosmetic products were actually under suspicion. In addition to cosmetics, other products such as detergents or cleaning agents that are used in the household are getting in contact with the skin and must also be considered in the analysis of the causes. Finally, foodstuffs could also lead to a systemic availability of substances and to a dermal reaction at several parts of the body after intestinal incorporation [13] . All these aspects may result in a false positive or false negative assumed correlation between an SUE and a certain cosmetic product.
The identification of certain substances can only be realised by allergy tests such as a patch test with relevant cosmetic ingredients. This test has to be carried out by a dermatologist who needs all the relevant ingredients as single substances or adequate mixtures. At least substances from the European baseline patch test series [14] [15] [16] should be tested, and they contain different fragrance mixes as well as preservatives and other relevant substances. Preferably the product as is could be included in the test.
The reporting of the adverse effects of pharmaceuticals is an ethical commitment for most physicians. On the other hand, the reporting of the undesirable effects of cosmetics is mostly unknown or in general not recognised as serious, since it is "only cosmetics", regardless of the potential for severe health effects that could occur. Nevertheless, in the future it is hoped that the amount of substantiated reports from medical professionals will increase.
It can be observed that one crucial step in the process of SUE notifications is the causality assessment. Annex I of the SUE guidelines [17] specifies the comprehensive process of causality assessment on about 10 pages. To tackle the problem that this essential assessment is too complicated for several companies or authorities, a spreadsheet following the decision tree [18] from the Annex I was designed and is provided as assistance by the BVL [19] . The spreadsheet has a short assessment procedure that is useful if only rare information was provided about a case and it offers a comprehensive assessment procedure if substantial medical information is available. The spreadsheet is online available for free on the website of the BVL [19] .
Conclusions
This new system of mandatory notification of SUEs for companies, regardless of their function (producer, importer, distributor or cosmetician), is in its third year and is still in the process of being established. Until now, not all players were aware about their obligation to notify, check and forward information about SUEs. Furthermore, there is still a lack of qualified information about the substances that caused the undesirable effects.
Currently, the system is a system of great mass that is able to identify signals of repeated cases with the same products or products of the same type or those made by the same company. In this capacity, the system has already been proven effective. Nevertheless, the system has the potential to provide a case-by-case evaluation of certain products and substances similar to the pharmacovigilance system.
